6,7-Dichloro-l,3-dimethyllumazine (1) and various 6-chloro-7-0-, $-and N-subst.-l,3-dimethyllumazines (2-7) react under relatively mild reaction condiditions with $ -nucleophiles to the corresponding 6-mercapto derivatives 8-16. Treatment of 1 with sodium benzylmercaptide at room temperature led to di-( 6-chloro-l,3-dimethyllumazine-7-yl)sulfide (17) whereas thiourea caused transformation to the corresponding 7,7-disulfide 18. 7-Mercapto-l,3-dimethyl-6(5H)lumazinethione (12) can be modified widely byalkylations to open-chain (21-23, 27-29) or cyclic 6,7-bis-alkylthio derivatives (24-26) and acylations with phosgene and thiophosgene, respectivly, gave the derivatives 36 and 37 of the new 1 ,3-dithiolo[ 4,5-g]pteridine ring system. Ribosylation of 12 afforded a 6,7-bis-S-riboside (40) in high yield.
Introduction
Halo-pteridines are interesting substrates for nucleophilic substitution reactions due to the fuct that the halogen atom is located in this ring system always adjagent to a ring-nitrogen atom. Activation of the halogen atom depends upon the site at the ring since nitrogen 1,3 and 7 are located in meta position to each other and influencing therefore position 2,4 and 7 in an additive manner by resonance. N-5 is isolated in this respect and therefore a 6-halo substituent is the least reactive one in this series (1) . We have shown in the lumazine series (2-5) that 6-and 7-chloro-l,3-dimethyllumazines reveal a striking difference in reactivity towards nitrogen nucleophiles due to the fuct that the nucleophilic attack at C-7 is much superior to the C-6 attack by prefered resonance stabilization of the intermediary a-complex de- § Author to whom correspondence should be addressed. *Part CVII. G. Heizmam, V . Groehn, B. Almas. J. Haavik, T . Flatmark. W . Pfleiderer, Pteridines 1995, 6, 153. localizing the negative charge even into the pyrimidine moiety. According to this findings it was obvious that 6,7 -dichloro-l , 3 -dimethyllumazine (1) shows a high selectivity towards C-7 and only under vety severe conditions a disubstitution could be achieved. It was however, also noticed that 6-chloro-l,3-dimethyllumazine (6) reveals a relatively high reactivity towards hydrogensulfide anion forming 1,3-dimethyl-6(5H)lumazinethione (12) in excellent yield even at room temperature showing that the nature of the nucleophile play an important role in these displacement reactions.
In continuation of these investigations we now studied the reactivity of 1 and some of its derivatives towards various sulfur nucleophiles in greater detail in order to underline the importance of the structural features as the de terminating factors in this interplay.
Syntheses
The high nucleophilic potential of the hydro-gensulfide anion became obvious during various anticipated displacement reactions of 7-arnino-(2)-, 7-methylarnino-(3)-, 7-morpholino-(4)-and 7-hydroxy·6-chloro-l,3-dimethyllumazine (5) which worked well either at room or slightly elevated temperatures to give 8-11 in excellent yields. Especially DMF turned out to be a very good solvent for this purpose indicating that even a pronounced deactivation of the 6-chloro atom by the adjacent Nand O-functions in 2-5 does not prevent further substitution. Since compound 8 was difficult to purifY due to its low solubility 2 was treated with sodium hydrogensulfide in DMF at 80°C to form first the sodium salt which was isolated in pure form and then converted by acidification into the free 7 -amino-l ,3-dimethyl-6( SH)lumazinethione (8) . In a similar manner 7 -morpholino-( 4)-and 7-tert-butylamino-6-chloro-l ,3-dimethyl-Iumazine (6), respectively, were reacted with sodium benzylthioate to give the corresponding 6-benzylthio derivatives 13 and 14. The yield of 14 was somewhat lower then 13 indicating some steric hindrance of the bulky tert-butylarnino function .
Reaction of 1 with sodium benzylthioate depends mainly on the proportion of substrate to reagent. An excess of sodium benzylthioate leads under reflux in toluene in high yield to disubstitution forming 6,7 -dibenzylthio-l ,3-dimethyllumazine (16). Equimolar amounts form at room temperature also 16 and a second component in 26% yield which turned out to be di-( 6-chloro-l, 3-dimethyllumazin-7-yl)sulfide (17) according to the NMR spectrum and the mass spectrum showing a molecular mass of 483 . Monosubstitution of 1 to 6-chloro-7 -benzylthio-l ,3-dimethyllumazine (15) could only be achieved in 41% yield by applying O.S equivalent of sodium benzylthioate at Ptcridines/ Vol. 7 / No. 4 room temperature. Attempts to convert 1 into its mono-or diisothiuronium salt by treatment with thiourea was not successful and led to the formation of di-(6-chloro-1,3-dimethyllumazin-7-yl) disulfide (18) in good yield.
In analogy to the synthesis of quinoxalino[2,3-b] benzothiazines (7-9) 1 was also treated with 2-aminothiophenol to form first the intermediate 19 due to the high nudeophilicity of the thiol function and subsequent prolonged heating resulted in further intramolecular displacement to give 1,3-dimethyl-benzo-I,4-thiazino[3,2-g]lumazine (20) in 80% yield.
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The displacements of the chlorine atoms in 1 by the thiol function can be achieved in two different ways. Treatment of 1 with sodium hydrogensulfide led to monosubstitution and the 6-chloro-7-mercapto-l,3-dimethyllumazine (7) can easily be purified via its pyridinium salt (6) . On the other hand, if 1 was treated with IN NaOH, saturated with H 2 S, at room temperature with stirring 1.3-dimethyl-7 -mercapto-6[ 5 H] -lumazinethione (12) could be obtained in 94% yield.
Compound 12 then turned out to be a versatile starting material for further modifications of the thio functions. Methylation with methyl iodide/potassium carbonate in acetone led in 98% yield to 1, 3-dimethyl-6,7-dimethylmercaptolumazine (21) and treatment with methyl bromoacetate resulted in 6,7-bis-methoxycarbonylmethylthio-l,3-dimethyllumazine (23). Reaction with methyleneiodide formed a new dithiolene ring to give 24 but 1,2-diiOOoethane behaved differently and the expected new ring system 25 could not be detected in the complex reaction mixture. Only the two isomeric 1,4-dithionolumazine derivatives 34 and 35, which have formerly been obtained during photolysis studies of 7 (6) could be isolated. Separation into the pure stereoisomers can be achieved by silica gel chromatography on preparative plates. Reaction of 12 with 1 resulted also in a similar mixture in 92% yield, whereas stirring of 7 in acetone at room temperature in presence of potassium carbonate gave expectedly, in almost quantitative yield the centrosymmetrical isomer 35.
Interestingly, 1,3-diiodopropane formed with 12 a seven-membered ring 26 besides the open-chain 6,7 -bis-ro-idodopropylthio-l , 3-dimethyllumazine (27 Furrhennore 21 was oxidized with m-chloroFcrbenzoic acid to give with 2-3 equivalents of :he oxidizing agent mainly 6-methylsulfenyl-7-:n ethdsulfonyl-1,3-dimethyl-Iumazine (30) \\·hereas complete reaction to the corresponding 6, --bis-methylsulfonyl derivative 31 afforded at least ;:; equivalents of the peracid. Since the methylsulfonyl group is also considered as an excellent lea\·ing group in nucleophilic displacement reactio ns 31 was treated with ammonia leading to 7-amino-1,3-dimethyl-6-methylsulfonyllumazine 32 . The same compound 32 could also be obtained ITom 8 by methylation to 7 -amino-1 ,3-dimethyl-6-methylthiolumazine (33) and subsequent peracidoxidation.
We also tried to react 12 with methyl oxalimidate and ethyl thiophosphodichloridate in order to fonn new condensed lumazine ring systems. The expected reaction failed and instead 21 and 6,7-diethylthio-l,3-dimethyllumazine (22) were obtained, respectively. More successful were the cycIization reactions with phosgene and thiophosgene leading to 5,7-dimethyl-2-oxo-l,3-dithiolo[ 4,5-g]lumazine (36) and its 2-thioxo analog 37. 36 31
Finally we have undertaken glycosylation reactions with 12 which bear some analogy to the gIucosidation of 2,3-dimercaptoquinoxaline (10). We applied, however, not the Sabalischka method (11) but used the Hilbert-Johnson-Birkofer apporach ( 12) which worked very well already in the lumazine series (13) . In the first step of the synthesis 12 was silylated by boiling in hexamethyldisilazane to form 1 ,3-dimethyl-6,7 -bis-trimethylsilylmercaptolumazine (38) followed by treatment with 1-0-acetyl-2,3,5-tri-O-benzoyl-p-D-ribofuranose (39) under the catalysis of BF3-etherate. Stirring at room temperature for 2 hours in CH 2 Cl 2 yielded 77% of the bis-S-ribofuranoside (40) after chromatographical work-up.
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Physical Properties.
The characterization of the newly synthesized lumazine derivatives was based upon their UV spectra which are in this series more informative then the NMR data. In special cases we also determined the pKa values of some lumazinethiones since they encounter strong acidic character and typical shifts of the long wavelength bands going from one molecular form to another. 7-Arnino-l, 3-dimethyl-6( 5H)-lumazinethione (8) owes an acidic pKa of 5.46 and a characteristic spectral change is seen in the hypsochromic shift on anion formation. 7-Hydroxy-l,3-dimethyl-6(5H)-lumazinethione (11) shows two acidic pKa the first of which at 2.56 describing the ionization from the hydroxyl group and the second at 8 .38 is due to dianion formation from the thione function . In both steps deprotonation is associated with blue shifts of the spectra. If we consider 7-Mercapto-l, 3-dimethyl-6(5H)-lumazinethione (12) under the same aspects it reveals an even more pronounced acidity and the first pKa at 1.96 makes this compound such a strong acid that its isolation from aequeous solution affords at least 1 N HCI to precipitate the neutral molecular form. Anion formation is again seen by a strong blue shift but the spectrum of the dianion is bathochromically shifted.
It is further noteworthy that fixation of the thiofunctions in their thiol form by alkylation causes a strong hypsochromic shift and further oxidation of the methylthio group to methylsulfenyl and methylsulfonyl groups, respectively, indicates that there is no or only little electronic interaction between the lumazine nucleus and the 6-and 7- subsituents. 1.3-Dimethyllwnazine and 31 possess therefore very similar UV spectra. It is also worthwhile to mention that the two isomeric tetramethyl-l,4-dithiinolumazines 34 and 35 can easily been differentiated by their UV spectra which show distinct differences in the shape of the curves, the extinction coefficients and the wavelengths of absorption. Varian MAT 312 spectrometer.
Experimental Part

-tert-Butylamino-6-chloro-l,3 -dimethyllumazine (6)
A mixture of 6 ,7-dichloro-l ,3-dimethyllwnazine (1) (0.65 g, 2.5 mmol) (5) and tertbutylamin (10 ml) was boiled under reflux for 3 hours. It was evaporated to dryness, the residue treated with H 2 0, filtered and dried to give 0 .59 g (81%) crude material. Recrystallization from MeOH (30 ml) afforded 0.433 g (58%) colorless crystals of m.p. 
6-Chloro-7-mercapto-1,3-dimethyllumazine (7) (6)
To a mixture of CHCl 3 (15 ml) and EtOH (15 ml) were added 1 (0.65 g, 2 .5 mmol) and a solution of NaSH (0.5 g) in H 2 0 (5 ml) and then stirred for 10 min at room temperature. It was evaporated to dryness, the residue dissolved in H 2 0 (25 ml) and acidified by HCI to pH O. The precipitate was collected a.i1.d dried to give 0.567 g (88%) chromatographically pure material.
Further purification can be achieved by dissolving 0.4 g in pyridine (10 ml) and dilution of the hot solution with MeOH (100 ml) . On colling 0 .3 g yellow crystals of the pyridinium salt (6) separated out. The material is chromatographically and spectroscopically identical with an authentic sample .
-Amino-l,3 -dimethyl-6(5H)-lumazinethione (8)
In DMF (20 ml) was dissolved 7-a.min0-6-chloro-1,3-dimethyllumazine (0.65 g, 2.7 mmol) (2) (5) by heating. After cooling to 70°C a solution of 1 ~ NaOH (10 ml) saturated with H 2 S at lOoC was added slowly with stirring. The mixture was kept at 7 0°C for 15 min and then stirred at room temperature overnight. The resulting orange precipitate was filtered off, dissolved in H 2 0, treated with little .:harcoal and acidified with AcOH. The yellow crystal powder was collected, washed with MeOH and dried at 100°C to give 0.3 g (46%) of m .p. >330°C. 
-Dimethyl-7 -methylamino-6(5H)-lumazinethione (9)
In hot DMF (15 ml) was dissolved 6-chloro-l, 3-dimethyl-7-methyla.minolumazine (0 .51 g 2 mmol) (3) (5) and then at 80°C a solution of 1 N NaOH (5 ml) saturated at lOoC with H 2 S added slowly with stirring. The mixture was then stirred overnight at room temperature, acidified with HCI to pH 1 and the yellow precipitate collected. Recrystallization from DMF (20 ml) gave 0. 
1,3-Dimethyl-7-morpholino-6(5H)lumazinethione (10)
A solution of 6-chloro-l ,3-dimethyl-6( 5H)lumazinethione (0 .5 g, 1.6 mmol) (4) (6) in DMF ( 1 00 ml) was treated at room temperature with 1 N NaOH (10 ml) saturated with H 2 S by slow addition. The mixture was then stirred overnight, evaporated to dryness, treated with ice water and finally acidified to pH 1 forming an orange precipitate. The solid was collected, dried and recrystallized from DMF (20 ml) to give 0. 
7-Hydroxy-l,3-dimethyl-6(5H)-lumazinethione (11)
To a solution of 1 N NaOH (20 ml) saturated with H 2 S at 10°C was added 6-chloro-7 -hydroxy-I, 3-dimethyllumazine (0.25 g, 1 mmol) (5) (6) and then stirred at room temperature for 1 hour. The solution was acidified with HCI to pH 0 to give an orange precipitate. The solid was reprecipitated again from dilute NaOH/HCI to give 0. 
7-Mercapto-1,3-dimethyl-6(5H)lumazinethione (12)
To a solution of 1 N NaOH (50 ml), saturated with H 2 S at 10°C, was added 1 (1.6 g, 6 .1 mmol) and stirred at room temperature for 2 days. After 1 hour an intermediary yellow precipitate separated out which was dissolved again on continuos stirring converting the yellow-orange solution to a dark red color. Acidification with HCI to pH 0 formed a red precipitate . The solid was reprecipitated from dilute NaOH with HCI to give 1.37 g (87%) red crystals of m.p. 
6-Benzylmercapto-l,3 -dimethyl-7-morpholinolumazine (13)
Compound 4 (0.5 g, 1.6 mmol) was dissolved in toluene (30 ml), then sodium benzylmercaptide (0.5 g) added and the mixture heated under reflux for 70 min. After cooling was diluted with ice water, shaken, the organic phase collected, dried over Na 2 S0 4 and evaporated. The residue was recrystallized from EtOH (20 ml) to give 0.517 g (81%) 
6-Benzylmercapto-l, 3 -dimethyl-7 ~tert-butylaminolu mazine (14)
Compound 6 (0.7 g, 2.3 mmol) was dissolved in toluene (30 ml), sodium benzylmercaptide (0.5 g) added and then the mixture heated under reflux for 30 min. After cooling was diluted with ice-water, shaken, the organic phase collected, dried over Na2S04 and evaporated. The resulting residue was recrystallized from EtOH (30 ml) to give 0. 
7-Benzylmercapto-6-chloro-l,3 -dimethyllumazine (15)
A mixture of 1 (0.65 g, 2.5 mmol) and sodium benzylmercaptide (0.183 g, 1.25 mmol) in dry toluene (30 m1) was stirred at room temperature for 2 hours. Despite the separation of a precipitate was evaporated, the oily residue treated with ether and then the solid collected by suction. Recrystallization from EtOH (40 ml) gave 0. 
6,7-Bis-benzylmercapto-l,3-dimethyllumazine (16)
To a solution of 1 (0.6 g, 1.9 mmol) in toluene (30 ml) was added sodium benzylmercaptide (1 g) and then refluxed for 30 min. After cooling was extracted with H 2 0, the organic phase collected, dried over Na 2 S0 4 and evaporated. The residue was recrystallized from EtOH (30 ml) to give 0.64 g (77%) of colorless crystals of m.p. 123-125°C. 
Di-(6-chloro-l,3-dimethyliumazin-7-yl)sulJide (17)
A mixture of 1 (0.65 g, 2.5 mmol) and sodium benzylmercaptide (0.365 g, 2.5 mmol) in dry toluene was stirred at room temperature for 2 hours. whereby a precipitate was formed. It was diluted and extracted with H 2 0 (100 ml), the organic phase separated, dried over Na 2 S0 4 and evaporated. The residue was recrystallised from MeOH (40 ml) to give a first crop of crystals of 16. The filtrate was concentrated to half of its volume to form on standing 0.155 g «26%) of colorless crystals of m .p. 
Di-(6-chloro-l,3-dimethyliumazin-7-yl)disulJide (18) (6)
To a solution of 1 (0.5 g, 1.9 mmol) in MeOH (20 ml) was added thiourea (0. 
6-Ch loro-l, 3 -dimethyl-7 -(2-aminophenylthio )lumazine (19)
To a solution of 1 (0.5 g, 1.9 mmol) in MeOH (30 ml) was added 2-aminothiophenol (1.25 g) with stirring to form after a few min. a precipitate. The solid was collected after 1 hour, recrystallisaed from MeOH (ISO ml) to give 0.46 g (69%) of a red crystal powder of m.p. 217-219°C. IH-NMR (D6-DMSO): 7.32-6.91 (m, 4H, phenyl); 3.27 (s, 3H, Me-N(l); 3.07 (s, 3H, Me-N(3». Anal. calc. for CI4H12CINs02S (349.8): C48.07, H3.46, N20.02, found: C47.87, H3.38, N19.77.
1,3-Dimethylbenzo[1,4-JthiazinoI2,3-g)lumazine (20)
A solution of 19 (0.5 g, l.4 mmol) in dioxane (40 ml) was heated under reflux for 24 hours. 56 mmol) and methyl oxalimidate (0.181 g) in dioxane ( 50 ml) was stirred at room temperature for 6 hours. A small amount of precipitate was filtered off and discarded. The filtrate was evaporated, the residue treated with a mixture of CHCl 3 (20 ml) and H 2 0 (20 ml), the organic phase separated, dried over Na 2 S0 4 and again evaporated. The solid was recrystallised from EtOH (65 ml) to give 0 .240 g (54%) of colorless crystals of m.p. 183°C. The material is chromagraphically and spectroscopically identical with the preceding substance a).
6, 7-Bisethylmercapto-l,3-dimethyllumazine (22)
A suspension of 12 (0 .3 g, 1.18 mmol ), potassium carbonate ( I g) and ethyl thiophosphorodichloridate (0.21 g, 1.2 mmol) in acetone (50 ml) was stirred art room temperature for 12 hours. It was evaporated, the residue extracted with a mixture of CHCl 3 (100 ml) and H 2 0 (150 ml), the organic phase separated, dried over Na2S04 and evaporated. The remaining solid was recrystallised from EtOH (5 ml) to give 0 .155 g (42%) yellowish crystals of m .p. 
A suspension of 12 (0.3 g, 1.17 mmol) and potassium carbonate (2 g) in acetone (25 ml) was stirred at room temperature for 30 min . Then CH 2 I 2 (0.295 g) was added and stirring continued for 3 hours . It was evaporated, the residue treated with H 2 0 (150 ml) and then extracted with CHCl 3 (175 ml). The organic layer was dried over Na 2 S0 4 , filtered, evaporated and the resulting solid recrystallized from acetonitrile ( 10 ml 3, A suspension of 12 (0.3 g , 1.17 mmol) and triethylamine in dioxane (25 ml) was stirred for 5 min, then 1,3-diiodopropane ( 1,67 g, 3 .3 mmol) added and stirring continue at room temporature for 2 hours . The resulting precipitate of triethylammonium iodide was filtered off, the filtrate evaporated tom dryness, the residue dissolved in little CHCl 3 and the solution put onto a preparative silica gel plate (40 x 20 x 0.2 cm) for chromatography in CHCI 3 /MeOH 95:5 to give separation into two bands. The faster moving band was cut out, eluted with CHCI 3 , evaporated and the resulting solid recrystallized from acetonitrile to give 62 mg (18%) of a yellowish crystal powder of m .p . 190°C (decomp. 
6,7-Bis-ro-iododecanylmercaptolumazine (29)
Analogous to the preceding procedure with 1, 10-diiododecane ( 1.18 g, 3 mmol ) by stirring for 6 hours at room temperature . The precipitate was filtered off, the filtrate evaporated and the residue purified by chromatography on a preparative silica gel plate (40 x 20 x O.2cm) with CHCl 3 /MeOH 95:5. The main band was eluted with CHCI 3 , evaporated and the solid recrystallized from acetonitrile/EtOH (10 ml 
-Amino-I, 3 -dimethyl-6-methylmercaptolumazine (33)
A mixture of compound 8 (0.7 g, 2 .9 mmol) and pottassium carbonate (3 g) in acetone (40 ml) was added CH3I (2 ml) and then in asealed flask for 15 hours. It was evaporated, treated with H 2 0 (100 ml) and extracted with CHCl 3 (150 ml). The organic phase was dried over Na2S04, filtered, evaporated and the residue recrystallized from EtOH (50 rnl) to give 0.613 g (83%) of colorless crystals of m.p. 
